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(57) Abstract 

In orda- to emicb natural gas or other hydrocaibon gases witb hydrogen, thus reducing the carbon content and thereby 
achieving a reduction or elimination of the discharge of carbon dioxide during combustion of the gases, a pyrolytic process is 
conducted in the feed stream for the aatuTal gases or hydrocart)on gases which are to be burned. The gas is passed through a reac- 
tor in which it is deccnnposed at least partially into a carbon constituent and a hydrogen constituent. The carbon constituent is re- 
moved to a desired level. Any temaining constituent together with the hydrogeu oonstituent is conveyed to the combustian process 
while the removed carbon constituent is conveyed out of &e process for separate application. Hie pyrolytic process can be carried 
out on the ientire stream or only on a partial stream. 
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A method for combustion of hydrocarbons 



PCT/NO92/00200 



The invention concerns a method for reducing the carbon content 
in a feed flow of natural gas or other hydrocarbon gases for a 
combustion process or a chemical process in order thereby to 
eliminate to the desired degree or at least to reduce the 
discharge .of carbon dioxides in the combustion of the gas, e.g. 
in connection with a gas-fired power station. 

During the combustion of fossil fuels, coal, natural gas and 
other hj^ocarbons, both water in the form of vapour and carbon 
dioxide will be found in the waste gases. The proportional 
incidence between these two gases will be dependent on the. 
quantitive ratio of carbon to hydrogen in the fuel concerned. 
Coal will produce almost only carbon dioxide, methane will 
produce water and carbon dioxide in the ratio of 2:1, while 
hydrogen will only produce water. In the efforts to reduce the 
greenhouse effect, the discharges of carbon dioxide are 
becoming ever less acceptable. Thus it is vitally important to 
limiit these discharges, the best best solution being to 
eliminate them entirely. 

The object of the present invention is to improve this 
situation by providing a method for reducing the carbon content 
of natural gas and hydrocarbon gas. This reduction should be 
capable of being implemented in such a manner that a desired 
degree of reduction of the CO2 content can be achieved after a 
combustion or a chemical process- The reduction can extend all 
the way through to the use of pure hydrogen as a fuel,, thus 
completely avoiding the discharges of CO2- 

Thus a further object of the invention is also to make it 
possible for natural gas to be used as a fuel with a. greatly 
reduced production of carbon dioxide, e.g. in a gas turbine. 

These objects are. achieved by a method which according to the 
invention is characterized by the features in the claims 
presented. 
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The invention is based on the fact that it is possible to 
decompose hydrocarbons pyrolitically into carbon and hydrogen. 
By using pure hydrogen as a fuel the discharge of carbon 
dioxide will be eliminated. If carbon is removed from the 
natural gas or the hydrocarbon gas which is used as a fuel, the 
discharge, of carbon dioxide will be reduced before the 
combustion. 

A reduction of this kind can be carried out by performing a 
complete or partial conversion of natural gas or hydrocarbon 
gases in a feed stream to a combustion process or a chemical 
process. The feed stream is decomposed to the desired degree 
into carbon and hydrogen, whereof the natural gas. with the 
reduced carbon content goes to combustion or a chemical process 
and the carbon constituent is removed from the process for 
separate application. Such a reduction can also be performed by 
converting a partial stream of the natural gas or the 
hydrocarbon gas. 

In both cases the decomposition into carbon and hydrogen will 
require energy. The energy content in the gases with reduced 
carbon content is lower than in pure natural gas or hydrocarbon 
gas since the liberated carbon represents the lost energy. The 
result will be that more gas in total has to be supplied to the 
process in order to achieve the same net effect as from pure 
natural gas or hydrocarbon gas. The extent of this additional 
amount will be dependent on the degree to which the carbon 
content has to be reduced, i.e. the extent to which a- 
conversion has to be performed, and also on the efficiency of 
the combustion process concerned. 

The object is to be able to use pure hydrogen as a combustion 
gas in order thereby to be able to completely eliminate the COj 
discharges. .. . 



At existing plants, however, there will be operating conditions 
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Which prevent the use of pure hydrogen, thus making it 
necessary to add a certain amount of hydrocarbons. 

The process is therefore designed so as to offer the 
possibility of adding a certain amount of natural gas or 
hydrocarbon gas to the hydrogen stream and the amount can be 
adjusted according to the operating conditions. . 

After a combustion process, the waste gases are purified by 
methods laitwx in the art and the purification methods are often 
extremely expensive, as for example in the case of catalytic 
purification » 

It has now been discovered that the expenses involved in the 
conversion of natural gas or hydrocarbon gas which are used as 
a fuel for a combustion plant, i.e. before combustion, can be 
compensated for, thus enabling an economically justifiable 
process to be achieved despite the energy loss in the 
combustion stream. This is achieved by producing pure carbon in 
addition to hydrogen in the pyrolytic process in the method 
according to the invention. The carbonaceous material will be 
present in the form of carbon black and as such a material will 
have a very high value. Carbon black can, e.g., be used as a 
reduction agent in the metallurgical industry or on the 
conventional "carbon black market". If the carbonaceous 
material is used for anodes in the aluminium industry, this 
will entail substantial improvements both from the 
environmental and the economic point of view, since the new 
anodes will not pollute either the electrolyte and thus the 
product or the environment by the discharge of sulphur and 
tar. 

Thus by means of the invention a highly favourable combination 
has heeti obtained of financially profitable industrial 
production and conservation of the environment, i.e. a 
reduction in pollution. 
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in the following section the invention will be described in 
more detail by means of an example of the use of the method. 

As an example, the operation of a gas-fired power station based 
on natural gas as its energy source has been chosen. The 
example is intended to illustxate the main principles of the 
invention. Other applications of the invention could be the 
production of piire hydrogen and the use of the method in all 
processes where natural gas or another hydrocarbon are used as 
the energy source. The invention is particularly well suited in 
connection with power production with fuel cells based on 
hydrogen as the means of combttstion. 

In the supply line to a gas-fired power station, which, e.g.^ 
is operated by the use of natural gas, e.g. methane, there is 
provided a reactor which is operated according to the pprolytic 
principle with a plasma torch and which causes a decomposition 
of the incoming natural gas or hydrocarbon gas into a 
constituent of hydrogen and a constituent of carbon particles. 
The reactor may be located in a branch line or a line bypassing 
the reactor. The method of operation of such a reactor and the 
design of a plasma torch for this are described in the 
applicant's simultaneous Norwegian patent applications 91 4904 
and 91 4907. As described in. these documents, a quality control 
can be performed for the carbon constituent. The hydrogen 
formed is also used via a return line as a plasma-forming gas 
for the torch, thus enabling this entire reactor to be operated 
without causing any pollution. 

The hydrogen gas from the reactor is then pasUd to the gas 
turbine where it is used either alone or together with 
hydrocarbons (methane) as fuel in the gas turbine. The gas 
turbine is operated in a conventional manner. However, there 
is one major difference, which is that the discharge of carbon 
dioxide is- reduced or completely eliminated. The degree to 
which the disch^es of carbon dioxide are reduced will be 
d^ent on how large a proportion of the supply to the gas 
turbine is con^^osed of pure hydrogen. Throughout the process, 
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the proportion can be regulated in the entire area from no 
adinixtur6 of hydrogen to pure hydrogen* 
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PAXERT CCAIHS 

1. A Btethod for reducing the carbon content in a feed stream 
of natural gas or other hydrocarbon gases for a combustion 
process or a chemical process in order thereby to achieve a 
reduction in or elimination of the discharge of carbon dioxide 
during combustion or other chemical application of the gas, 
characterized in that the natural gas or hydrocariDon gas which 
is to undergo combustion is completely or partially subjected 
to a pyrolytic process, all gas or a part of the feed gas "being 
passed through a reactor wherein it is completely or partia;ily 
decomposed to the desired degree into a hydrogen constituent 
and a ccurbon constituent, 

that the carbon constituent together with any undecomposed 
constituent from the reactor and any separate constituent of 
the natural gas or the hydrocarbon gas is conveyed to a 
combustion process or a chemical process, and 
that the precipitated carbon constituent is conveyed out of the 
process for separate application. 

2. A method according to claim 1, 

rfaracterized in that parts of the hydrogen formed are recycled 
for Tise in the reactor during the pyrolytic process. 

3. A method according to claim 1, 

characterized in that the feed stream is divided into two 
partial streams and that only one partial stream is passed 
through the reactor. 

4. A method according to claim 1, 

characterized in that the carbon constituent which is removed 
is composed of ptire carbon. 

5. Application of a method as described in claim 1 for the 
extraction of pure hydrogen for use, e.g., in fuel cells or as 
fuel in internal combustion engines. 
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6. Application of the method according to claim 1 in 
connection with gas-fired power stations. 

7. Application of the method according to claim 1 in 
connection with the combustion of hydrocarbons for energy 
purposes. 

8. Application according to claim 3 for the extraction of 
carbon for the production of pure carbon for use, e.g. as a 
reduction material in the metallurgical industry. 
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